Gudžinskas Z., 2017: Alien herbaceous plant species new to Lit huania [Naujos Lietuvoje svetimžemės žolinių augalų rūšys]. -Bot. Lith., 23(1): 33-42. This paper presents information about ten new alien plant species recorded in Lit huania in the period from 1995 to 2014. These species belong to eight families: Cucurbitaceae (Lagenaria siceraria), Juncaceae (Luzula sylvestris), Lamiaceae (Physostegia virginiana, Sideritis montana), Poaceae (Melica altissima, Miscanthus sacchariflorus), Portulacaceae (Claytonia perfoliata), Scrophulariaceae (Digitalis purpurea), Solanaceae (Datura inoxia) and Zygophyllaceae (Tribulus terestris). Three species (Claytonia perfoliata, Sideritis montana and Tribulus terestris) were introduced accidentally, whereas other seven species were introduced deliberately and later escaped from cultivation. One species, Luzula sylvatica, is ascribed to the group of established aliens, whereas other recorded species are treated as casual. Local establishment of Claytonia perfoliata, Digitalis purpurea and Melica altissima is expected, whereas Miscanthus sacchariflorus can become established and even invasive in the future.
INTRODUCTION
Early detection of alien plant as well as other organism species should be based on regular surveys. It has been known that only a small portion of newly arrived alien species become established and even smaller fraction of them become invasive (Wittenberg & CoCk, 2001) . Nevertheless, potential threat to the environment and economy of any alien species can be estimated taking into account precise identification, known or presumed pathways of introduction, means of reproduction, occupied habitats in the native range and in a new area.
Accurate analysis of present distributions and effective modelling of future distributions of alien species are both highly dependent on the availability and accessibility of occurrence data (SimpSon et al., 2009 ). Information about new records of alien species in new areas is important, because it enables us to predict occurrence of species in the neighbouring areas, which are affected by the same pathways of introduction. If a species is invasive in other neighbouring regions or in regions with similar climates, such information is vital for rapid response and effective prevention of predicted invasion in a new area.
In recent years, several new naturalized and potentially invasive alien species have been recorded in Lit huania and information about their occurrence has been published Gudžinskas & žalneravičius, 2015) , however, several earlier found species have not been reported and still have not been included into the list of alien plant species of the country. The aim of this publication is to present information about 10 new alien herbaceous plant species, which have been recorded in Lit huania during two last decades.
MATERIALS AND METHODS
Alien plant species reported in this paper were collected in various regions of Lit huania in the period from 1995 to 2014. Localities of several alien species BOTANICA LITHUANICA 2017, 23(1): 33-42 ISSN 2029-932X (Claytonia perfoliata, Luzula sylvatica, Miscanthus sacchariflorus and Physostegia virginiana) had been surveyed for several years aiming to reveal dynamics of their populations and to evaluate generative and vegetative reproduction. Herbarium specimens of the reported plant species were deposited at the Herbarium of the Institute of Botany of the Nature Research Centre (BILAS) in Vilnius. Alien plant species in the text were arranged in alphabetical order. Plant families were provided in accordance with an updated Angiosperm Phylogeny Group classification for the orders and families of flowering plants (APG, 2016) . List of examined herbarium specimens is provided in Appendix I. Geographical co-ordinates were indicated according to WGS 1984 standard.
Datura inoxia
Mill. (Solanaceae). Annual, much branched, 50-150 cm tall plant. Stem and leaves covered with dense simple hairs and admixture of glandular hairs. Leaves ovate, up to 16 cm long and 12 cm wide, with entire or wavy margin. Calyx 5-10 cm long, with 5 or 6 veins and unequal triangular teeth. Corolla with 5 lobes, white, 11-19 cm long. Capsule deflexed, ovoid, with mainly slender, sharp, up to 1 cm long spines. Seeds brown. In the native range this species grows in areas with disturbed soil cover (ZhanG, 1994; ShoW, 2000) .
This species is native to Mexico and South America (ShoW, 2000) . It has been recorded in most countries of South and Central Europe as well as in some countries of North Europe (karlsson, 1998; eSSl & rabitsch, 2002; verloove, 2006; Gede raas et al., 2012; Medvecká et al., 2012) . In the Mediterranean region, D. inoxia has established, whereas in other regions it is ascribed to the group of casual species (daisie, 2009).
In Lit huania, this species was first recorded on the territory of municipal dump Alytus district in 2000. More than 20 well-developed and abundantly flowering individuals were found on slopes of waste and soil piles. In 2002, two individuals of D. inoxia were found in Gegužinė village, Kaišiadorys district, on the edge of forest near cemetery. Large, well-developed individuals with ripening fruits were recorded in the environs of Kiškėnai village, Klaipėda district, on the territory of municipal dump in 2003. Individuals of D. inoxia probably grew from seeds, which got to dumps and disturbed areas with garden wastes. In Lit huania, this species currently is casual and its establishment is hardly possible.
Datura inoxia is increasingly popular ornamental plant, though in gardening it is often confused with D. metel L. These species can be distinguished by the character of capsules and hairiness. Capsules of D. metel are covered with numerous conical tubercules, whereas these of D. inoxia are covered with dense, up to 1 cm long, sharp spines. Leaves and stem of D. metel are covered with sparse simple hairs (only young leaves are densely hairy), whereas D. inoxia is covered with dense simple hairs with admixture of glandular hairs.
Digitalis purpurea L. (Scrophulariaceae)
. Perennial, occasionally annual or biennial, 60-150 cm tall plant. Leaves and stem usually grey pubescent and with glandular hairs. Basal leaves up to 15 cm long and 5-10 cm wide, with narrowly winged petiole. Stem leaves sessile or short petiolate, usually acuminate. Corolla purple, occasionally white, 3-4.5 cm long, spotted inside. Capsule 1.5 cm long. In the native range this species usually grows on forest edges, in forest glades and on slopes (heyWood, 1972b) .
This species is native to West Europe, the southwestern part of Central Europe and North Africa (heyWood, 1972b; Marhold, 2011) . In many European countries, it is cultivated and occurs as established or casual alien (Marhold, 2011; tokarska-GuZik et al., 2012) . In the Czech Republic and Finland, it is considered as locally invasive species (pyšek et al., 2002; hämet-ahti, 2005) . D. purpurea has also naturalized in Australia and New Zealand as well as in some regions of Asia and North America (randall & kessal, 2004; hoWell, 2008; cullina et al., 2011) .
In Lit huania, this species as escaped from cultivation was first registered in 1995. It was found in Plungė district, Žemaitija National Park, on the edge of forest, under power transmission line. The group consisted of more than 20 individuals. Most of individuals were in a rosette stage and five generative individuals were at the end of flowering. Another record of D. purpurea was made in a forest on a slope close to the cemetery of Jeruzalė (Vilnius) in 2004. Three individuals were recorded and two of these were at the beginning of flowering. In 2014, D. purpurea was also recorded on an open slope in the environs of Kurtuvėnai cemetery, Šiauliai district. One individual was at the beginning of flowering, whereas another was in rosette stage. Currently, D. purpurea is casual alien, however, this increasingly popular ornamental plant can become more frequent escaped and its local establishment is possible.
Lagenaria siceraria (Molina) Standley (Cucurbitaceae). Annual plant with up to 5 m long, branched, sulcate-angular stem. Leaves large, up to 35 cm in diameter, ovate-cordate or reniform-ovate, undivided or with 3 to 5 lobes and irregularly dentate margin, on both surfaces puberulent. Plants monoecious. Male and female flowers funnelform, about 2 cm in diameter, with white or yellowish white corolla. Fruit various in size and shape. In the native range this species usually grows in areas with disturbed soil cover (nee, 1990; lu & Jeffrey, 2011) .
This species is probably native to tropical Africa (karlsson, 2010) and is widely cultivated in tropical, subtropical, and occasionally in temperate regions of the world (nee, 1990; hoWell, 2008; karlsson, 2010; lu & Jeffrey, 2011) . In Northern and Eastern Europe, L. siceraria has been cultivated since the late 20th century; therefore, only recently it has been reported occurring as escaped species. This species has been recorded on rubbish heaps in Denmark and Sweden (karlsson, 2010) .
In Lit huania, L. siceraria was first recorded in Ignalina district, in the environs of Kazitiškis, on the territory of closed municipal dump, on piles of ground and waste mixture in 2003. Well-developed and intensively flowering individuals occupied significant area of the piles and covered about 30% of the surface. Fruits at the time of investigation were in early stage of development and up to 15 cm long. Seeds of L. siceraria have probably been brought into this locality with garden or kitchen refuse. In Lit huania, this species is casual alien and its establishment in the country as well as in the whole Baltic region is hardly possible. Nevertheless, with the increase of frequency of its cultivation, L. siceraria can be occasionally found in wastelands, on rubbish or compost heaps.
Luzula sylvatica (Huds.) Gaudin (Juncaceae). Perennial, 60-80 cm, sometimes up to 100 cm tall, loosely caespitose plant with horizontal branched rhizomes. Basal leaves 4-12 mm wide and up to 40 cm long. Inflorescence usually lax, up to 20 cm long. Bracteoles membranous, ovate, up to 2 mm long, sparsely ciliate. Capsule dark brown, oblong or ovoid, usually 2.0-4.0 mm long. Seeds brown, 1.2-1.9 mm long. In the native range, L. sylvatica occurs in damp, acidic, usually shaded habitats mainly in forests and along mountain streams (chrtek & křisa, 1980) . This species is native to West, Central and South Europe, the Caucasus and West Turkey. Though in Norway L. sylvatica is native, in Sweden it occurs as alien species (ljunGstrand, 2001) . As alien species, L. sylvatica has also been reported in New Zealand (buCkley, 1992) .
In Lit huania, L. sylvatica was first recorded in Trakai district, in forest, which is unmanaged part of former Užutrakis Manor Park in 2005. Three patches of this species were recorded within a distance of 1 m to 1.5 m among them. The largest patch occupied 2 m 2 , whereas two other patches were much smaller, 0.3 m 2 and 0.2 m 2 . Coverage of the tree layer in the habitat was about 60%, whereas shrub layer was very sparse and its coverage was less than 10%. In May of 2005, L. sylvatica was with numerous inflorescences. In 2016, the second group of plants was recorded about 150 m north-east of the previous stand, on the edge of very dense mixed forest. Coverage of both the tree and shrub layers in this habitat was almost the same, i.e. 70% and 60%, respectively. In very shaded habitat, L. sylvatica flowered poorly, only six inflorescences were recorded. This species has probably been introduced during the establishment of Užutrakis Manor Park. This park was designed by the famous French landscape architect Édouard François André at the turn of the 19th and 20th centuries (januškevičius, 2004) . In Lit huania, in all parks created by this architect, several common species of Central European origin have been sown and some of these, e.g. Luzula luzuloides and Poa chaixii, have become naturalized (Gudžinskas, 1997) . Luzula sylvatica might have been introduced intentionally or accidentally with seeds of other plants intended for park lawns. Currently, L. sylvatica should be treated as established species, though its further spread is hardly possible. In new localities, it can appear only because of fresh introductions and later escape.
Melica altissima L. (Poaceae)
. Perennial, 60-150 cm tall rhizomatous plant. Leaves 5-15 mm wide. Flowers arranged in a dense, narrowly cylindrical, 10-20 cm long, usually one-sided, in lower part interrupted spike. Spikelets numerous, 7-12 mm long, with one to two fertile florets. Glumes 7.0-10.5 mm, sub-acute to obtuse, with broad hyaline margins. Lemmas equalling the glumes, hairless, but minutely rough. In the native range this species grows in light forest and scrub habitats, in meadows and on slopes (tutin, 1980; green, 2009 ).
This species is native to the south-eastern Europe, the southern part of Central Europe and western Asia (tutin, 1980; Zhenlan & phillipS, 2006) . It is widely cultivated in gardens as ornamental grass (shanklin & leSlie, 2009). At the beginning of the 20th century, M. altissima as alien species was recorded in Poland (rostański & sowa, 1987; GłaZek, 1997; tokarska-GuZik et al., 2012) . In the first half of the 20th century, it was found in Sweden and Norway (Gederaas et al., 2012) . Quite recent records of this escaped ornamental plant have been made in the British Isles (shanklin & leSlie, 2009; green, 2009) . In Norway, M. altissima is considered as established (Gederaas et al., 2012) , whereas in other countries it is ascribed to the group of casual aliens.
In Lit huania, M. altissima was first recorded on a wasteland at the cemetery of Traupis village, Anykščiai district in 2007. Two dense patches of this species occupied 1.5 m 2 and 2 m 2 , respectively. Plants observed in the second half of June were well developed and at the end of flowering. Reproduction by seeds was not confirmed, however, it is evident that this plant easily reproduces by rhizomes. Currently, M. altissima occurs as a casual alien in Lithuania, however, its establishment and spread in the future is probable and its occurrence can increase with the increase of the frequency of its cultivation in gardens.
vilkonis (2008) has reported about the record of M. transsilvanica Schur. and indicated that this alien species occurs in waste places in Lit huania, though he has not provided any exact localities and no herbarium specimens have been recorded in institutional herbaria. The analysis of published photograph of the plant, which was identified as M. transsilvanica (vilkonis, 2008: 373, Fig. 2 ), revealed that it has evidently glabrous lemmas and one-sided spike. These features are characteristic of M. altissima, whereas M. transsilvanica is characterized by densely hairy lemmas and cylindrical spike. Therefore, plants reported by vilkonis (2008) probably belong to M. altissima and indication of escaped M. transsylvanica in Lit huania should be treated as erroneous.
Miscanthus sacchariflorus (Maxim.) Hack. (Poaceae). Perennial, 60-160 cm tall plant with long slender rhizomes. Leaves 20-50 cm long and 0.5-1.5 cm wide, glabrous, with prominent midrib.
Panicle 7-30 cm long, axis 5-15 cm long, with 4-24 racemes. Spikelets 4-6 mm long, pilose, awnless. Callus hairs 8-12 mm long, exceeding the spikelet. Glumes subequal, membranous, 4-6 mm long. Lower glume densely pilose with long hairs on margins. Caryopsis oblong. Reproduces vegetatively by rhizomes forming quite dense stands. In the native range this species grows on mountain slopes and on river banks (Chen & renvoiZe, 2006) . This species is native to East Asia (East Russia, China, Korean peninsula and Japan) and widely cultivated as an ornamental plant and for biofuel (Chen & renvoiZe, 2006; Clifton-broWn et al., 2008) . In 1980, this species was registered in Austria (eSSl & rabitsch, 2002) , whereas in 1999, it was recorded in Belgium (verloove, 2006) . Recently, this species has been found in Poland (tokarska-GuZik et al., 2012; PlisZko, 2016a) . M. sacchariflorus is ascribed to the group of casual alien species in all three countries. In the north-eastern regions of the United States of America, this species is invasive (bonin et al., 2014) .
In Lit huania, quite large stand of M. sacchariflorus was first found in 1999. It was recorded in Vilnius, on a wet shore of small lake, on the edge of shrub stand. At the end of September, most of shoots were in vegetative condition and only about 3% of these were with well-developed inflorescences. At the beginning of September 2014, the same locality was re-visited; however, no individuals of this species were recorded. The colony has become extinct, because the whole area formerly occupied by M. sacchariflorus was covered by a dense stand of shrubs and young trees. Another locality of this species was revealed in about 0.7 km south-east of the first locality, in a wasteland at Krokuva street. The stand of this species occupied about 120 m 2 . Only several shoots were with inflorescences, whereas most of these were in vegetative stage. Currently, M. sacchariflorus is a casual alien; however, this perennial rhizomatous plant can persist for a long time and spread by rhizomes. Therefore, establishment and further spread of this species in Lit huania is possible.
Another species of this genus, M. sinensis Andersson, is increasingly cultivated in gardens. Though this species has not been recorded outside the areas of cultivation in Lit huania, its escape is highly probable in the future. (Gleason & cronquist, 1991; Whiteley, 2000) . In the native range, P. virginiana grows in moist to mesic prairies, along woodland borders, in moist meadows along rivers (Gleason & cronquist, 1991; mohlenbroCk, 2002) .
This species is native to the eastern Canada, eastern and central United States of America and northeastern Mexico (cantino, 1982) . Although P. virginiana is a frequently cultivated ornamental plant in Europe, escaped from cultivation it has rarely been recorded. This species has been reported escaped in Austria (eSSl & rabitsch, 2002) , France, Germany, Hungary, Italy, Poland and Slovakia (daisie, 2009; Medvecká et al., 2012; PlisZko, 2016a) .
In Lit huania, P. virginiana was first recorded in 1999. Tree groups of plants occurred along the edge of wet shrub grove close to a small lake. At the end of September, the plants were still with flowers on the top of inflorescence, though at the base of the inflorescence, the nutlets were already ripened. In September of 2014, in the same locality, no individuals of this species were recorded, because entire habitat was covered by dense shrubs. Currently, P. virginiana is a casual species; however, in the future its establishment is probable.
Sideritis montana L. (Lamiaceae)
. Annual, 10-40 cm tall, with erect stem. Stem and leaves covered with spreading long hairs and frequently with sessile oil globules. Leaves oblong or elliptic, usually crenulate, shortly petiolate or sessile. Inflorescence often extending almost the whole length of stem. Verticillasters in axils of leaves. Calyx about 8 mm long, green, with equal teeth, terminating in about 2 mm long mucro. Corolla shorter than calyx, 6-7 mm long, yellow turning brownish black at the end of anthesis. Nutlets pale brown, with fine reticulations (heyWood, 1972a) . All specimens of S. montana collected in Lit huania belong to the type subspecies (S. montana subsp. montana).
Sideritis montana is native to the Mediterranean region, south-western and Central Asia (heyWood, 1972a) . As casual alien species, it has been recorded in the Czech Republic, Germany, Poland, Norway, Sweden, Latvia and Estonia (rostański & sowa, 1987; karlsson, 1998; jehlík & dostálek, 2008; tokarska-GuZik et al., 2012; Priedītis, 2014) .
In Lit huania, S. montana was first recorded in Kėdainiai, in the territory of grain mill yard in 1999. Two flowering individuals were recorded on the railway. In 2000, this species was found in two localities in Alytus. One locality was also in a grain mill yard, another locality was revealed on a railway leading to the grain mill. In all localities, the plants recorded in August were with opened flowers on the apex of the inflorescence, whereas at the bottom of inflorescence almost ripe fruits were found. This species was probably introduced with grain imported from South European countries. Though S. montana can produce seeds, currently, it is a rare casual alien and its naturalization in the nearest future is hardly possible.
Tribulus terrestris L. (Zygophyllaceae)
. Annual, procumbent, 5-30 cm tall, usually pubescent plant with simple or much branched stem. Leaves opposite, paripinnate, with 5-8 pairs of pinnae. Flowers 4-5 mm in diameter, with yellow petals. Fruit of five stellately arranged hard, rugose carpels with two or more stout spines. In the native range, it grows in dry open habitats, often as a weed (tutin, 1968) .
This species is native to the Mediterranean region, South Europe and West Asia and is widely spread as alien or invasive species in the temperate regions of the world with dry climates (tutin, 1968; hanf, 1983) . In 1866, T. terrestris was recorded in Poland (abroMeit et al., 1898; rostański & sowa, 1987; tokarska-GuZik et al., 2012) and until present it is a rare casual alien. This species as casual alien has also been registered in Norway (Gederaas et al., 2012) .
In Lit huania, this species was first recorded in Kėdainiai, on a railway in grain mill yard in 1999. Four flowering individuals were found. At the beginning of August, all individuals were at the first half of flowering, and only few unripe fruits were observed. This species has been introduced with imported grain, though in some European countries it has been introduced with wool (verloove, 2006 
DISCUSSION
Analysis of the introduction pathways revealed that two species (Sideritis montana and Tribulus terestris) have most probably been introduced accidentally with imported grain. These species are common weeds of various crops in the regions with warm and dry climates (hanf, 1983; jehlík & dostálek, 2008; randall, 2012) and in Lit huania they have been recorded in grain mill yards or on railways close to grain mills. Import of grain was an important pathway of alien species introduction to Lit huania in the second half of the 20th century (Gudžinskas, 1994; vainorienė & Gudžinskas, 2009) ; however, the importance of this vector during the last two decades has decreased, because the import of grain to Lithuania has declined significantly (kriščiukaitienė et al., 2010) . Claytonia perfoliata has also been introduced accidentally, probably with ornamental shrubs from nursery. Seven other species reported in this paper, have been introduced in Lit huania deliberately as ornamental plants and later escaped from cultivation. Increase of the number of escaped species, formerly being only in cultivation, is a characteristic feature of contemporary alien flora formation in many European countries (pergl et al., 2016; PlisZko, 2016b, etc.) .
Misccanthus sacchariflorus has currently been treated as casual species, however, in the future it, together with other cultivated species of this genus, can start spreading, become established or even invasive. Therefore, species of this genus should be constantly surveyed and measures of population control taken, if necessary. Local establishment of Digitalis purpurea and Melica altissima is also expected, however, their invasion in the nearest future is unlikely. Establishment of Claytonia perfoliata is also possible in the future, especially if cases of new introductions increase in the future. Luzula sylvatica has been ascribed to the group of established species, but its spread to new territories is not expected.
Any accidentally or deliberately introduced and escaped alien plant species should not be ignored (rob, 1973; rotherhaM, 2001; SimpSon et al., 2009) . Regular surveillance of areas and habitats with high probability of occurrence of new alien plant species as well as detection, identification and evaluation of potential spread of alien species are very important tasks aiming to take rapid response and prevent future invasions. Though many of newly detected species usually occur in heavily disturbed habitats, some of these settle in semi-natural or natural habitats, especially in the areas adjacent to settlements, industrial and agricultural areas, roads and bodies of water. 
